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BACKGROUND OF THE INVENTION: 

This invention relates to predefined video and audiovisual presentations such as 
movies and video games, and more particularly to a system and process for image tracking 

10 and smooth integration substitution of user-created images into a predefined video or 
audiovisual presentation, including, but not limited to, character image tracking system 
and methodology for smooth integration of user created video graphics into a predefined 
video, movie, or game system, etc. The system which provides for the utilization of a 
user selected visual image as a preselected character segment, such that the user selected 

1 5 visual image is incorporated into the audiovisual presentation of the movie or video game 
in place of a tracked image within the predefined presentation. 

Subsequent to the invention of U.S. Patent 4,521,014, video games have been 
created which utilized predefined digitized images in the video game which supplement 
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the otherwise cartoon-like character and imagery of the game. Additionally, digital and 
analog video data have been merged with video games and movies to get broadcast quality 
video for certain aspects of the video display. 

It is therefore an object of the present invention to provide a system which tracks 
5 an image within the predefined presentation and then utilizes an image generated by an 
external source (of video and/or audio and/or computer generated), and integrates the 
image into and as part of a pre-existing audiovisual work (such as from a video game 
system or a movie or animation) in place of the tracked image which utilizes the user's 
image in the video game play or movie or as a synthetic participating user image in the 
10 predefined audiovisual presentation. 

It is an additional object to provide a system and methodology for orderly tracking 
of a selected portion of the predefined presentation and integration of the user selected or 
created visual image, or images, into the predefined audiovisual presentation. 

It is a further object of the present invention to provide various means for 
15 selecting, tracking, and substituting portions of the predefined audiovisual presentation 
with the user's selected visual image. 

BACKGROUND OF THE INVENTION 

User image integration into a predefined audiovisual presentation has had limited 

20 usage, such as in video games. For example, some amusement parks provide video 

entertainment by playing old movie clips incorporating select audience members. A live 
camera captures the audience member in front of a blue background. The blue color is 
filtered out of the signal from the audience member camera and the signal is combined with 
the video signal of the old movie clip. This gives the impression that the audience 

25 member is acting in the old movie clip. All of this is typically done in real-time. 

A problem with this approach is that a complete set-up is needed (a video camera, 
a blue-screen, a compositing computer system, etc.) and, the incorporation of the 
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audience member is crude in that the audience member's image overlays the movie clip 
and is not blended into the movie. Using this approach, there can be no realistic 
interaction between the audience member and the cast in the movie clip. Plus, there is no 
continuity in the integration within the presentation and there is no tracking for 
5 substitution. There is a resulting need for an entertainment system that facilitates 
realistically integrating a user's image into a video or audiovisual presentation. 

SUMMARY OF THE INVENTION 

An audiovisual source provides audio and video signals received by a controller for 
10 integration into an audiovisual presentation. The controller analyzes the audio and video 
signals and modifies the signals to integrate the user image into the audiovisual 
presentation. This enables the user image to participate in the audiovisual presentation as 
a synthetic actor. 

In accordance with one aspect of the present invention, a user selected image is 
1 5 selectively integrated into a predefined audiovisual presentation in place of a tracked 
portion of the predefined audiovisual presentation. A user can create a video or other 
image utilizing any one of a plurality of input device means. The user created image is 
provided in a format and through a medium by which the user created or selected image 
can be communicated and integrated into the predefined audiovisual presentation. The 
20 tracking and integration means provide for tracking and mapping the user image data into 
the predefined audiovisual presentation structure such that the user image is integrated 
into the presentation in place of the tracked image. 

The user image can be provided by any one of a number of means, such as by 
original creation by the user by any means (from audio analysis to a graphics 
25 development system, by user assembly of predefined objects or segments, by digitization 
scan of an external object such as of a person by video camera or a photograph or 
document (by a scanner, etc.) or supplied by a third party to the user). The user image 
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creation system creates a mappable (absolute or virtual) link of the user defined images 
for integration into other graphics and game software packages, such as where the user 
defined or created visual images are utilized in the video presentation of a movie or of the 
video game as a software function such as one or more of the preselected character 
5 imagery segment(s) associated with the user's play of the game or as a particular character 
or other video game software function in the game (e.g., hero, villain, culprit, etc.) and/or a 
particular portion and/or perspective view of a particular character, such that one or more 
of the user visual images and/or sounds is incorporated into the audiovisual presentation 
and play of the resulting video game. 

10 An analysis system analyzes the signals associated with the selected portion of 

the predefined audiovisual presentation and associates it with the user selected images and 
selectively tracks the selected portion to substitute therefor the data signals for user 
selected images, whereby the user selected image is associated with the selected portion 
so that the user selected image is incorporated into the otherwise predefined audiovisual 

15 presentation. 

These and other aspects and attributes of the present invention will be discussed 
with reference to the following drawings and accompanying specification. 

BRIEF DESCRIPTION OF THE DRAWINGS: 
20 FIG. 1 is a system block diagram of the present invention; 

FIG. 2 represents a system block diagram of an alternate embodiment of the 
present invention; 

FIG. 3 is a system block diagram of another alternate embodiment of the present 
invention; 

25 FIG. 4 is a system block diagram of another alternate embodiment of the present 

invention; 
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FIG. 5 is a system block diagram of a user image video processing and image 
integration subsystem of the present invention; 

FIG. 6 shows a system block diagram of an alternate embodiment of the user 
image video processing and integration subsystem of the present invention; 
5 FIG. 7 is a block diagram of a tracking subsystem of a preferred embodiment of 

the present invention; 

FIG. 8 is a block diagram of a tracking subsystem of another preferred 
embodiment of the present invention; 

FIG. 9A is a representation of a region of interest of a preferred embodiment of 
10 the present invention; 

FIG. 9B is a representation of a database as in another preferred embodiment of 
the present invention; 

FIG. 9C is a representation of a reference object as in a preferred embodiment of 
the present invention; 
1 5 FIG. 10 is a representation of a frame difference as in another preferred 

embodiment of the present invention; 

FIG. 1 1 is a detailed block diagram of a preferred embodiment of the system of the 
present invention comprising a compositing means within a three dimensional (3D) 
graphics engine; 

20 FIG. 12 is a detailed block diagram of a preferred embodiment of the system of the 

present invention comprising a compositing means within a frame buffer; and 

FIG. 13 is a detailed block diagram of a preferred embodiment of the system of the 
present invention implemented with a general purpose computer performing the 
compositing. 

25 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT: 

While this invention is susceptible of embodiment in many different forms, there 
is shown in the drawing, and will be described herein in detail, specific embodiments 
thereof with the understanding that the present disclosure is to be considered as an 
5 exemplification of the principles of the invention and is not intended to limit the invention 
to the specific embodiments illustrated. 

FIG. 1 is a system block diagram of the present invention, showing a user image 
video processing and integration subsystem 100. Coupled to the subsystem 100 is an 
external source of program content 110 and an external source of user image content 130. 
10 The external source of program content 100 is further comprised of other program data 
SI 115 and program video 120. In the figure, representations of two people, a first person 

jjj 123 and a second person 127, are visible in the program video 120. In the external source 

of user image content 130 is further comprised of other user data 132 and user image data 
MP 135, the user image data 135 is further comprised of a user specified image 137. In the 

yk 15 figure, 137 appears as a single image of a face. The subsystem 100 processes the sources 

J 110 and 130 producing the output content 170. The output content 170 is comprised of 

^ other output data 180 and output video 190. The other output data 180 is further 

□ 

O comprised of data from the other program data 115 output as 182, data from the other 

user data 132 output as 184, and processed data produced by the subsystem 100 output 
20 as data 187. The output video 190 consists of a processed version of the program video 
120 selectively processed by the subsystem 100 such that the representation 123 has 
been replaced by the user specified image 137 producing the output 194. The input image 
127 is unmodified by the system and output as representation 196 in the output video 
190. 

25 Of note is that not all data present in other program data 115 or other user data 

132 is necessarily present in output other data 180. Further, data generated by the 
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subsystem 100 or processed by the subsystem 100 may be additionally output within 
the other output data 180. 

FIG. 2 represents a system block diagram of an alternate embodiment of this 
invention. With respect to FIG. 2, there is a user image video processing and integration 
5 subsystem 200. Coupled to said subsystem is an external source of program content 210 
and a plurality of external sources of user image content 230, 240, and 250. The external 
source of program content 210 is further comprised of other program data 215 and 
program video 220. In the figure, the program video 220 contains representations of three 
persons 222, 225, and 227. The first external source of user image content 230 is 

O 10 comprised of other user data 232 and user image data 235. The user image data 235 is 

*° ... 
SI further comprised of user specified image 237, indicated as a representation of a face. 

y External source of user image content 240 is comprised of other user data 242 and user 

J? image data 245. The user image data 245 is further again comprised of user specified 

in 

y3 image 247, representing a different face. In an analogous manner, external source of user 

y. 1 5 image content 250 is further comprised of other user data 252 and user image data 255. 

J The user image data 255 is further comprised of a user specified image 257, representing a 

still different face. 

The subsystem 200 processes the inputs 210, 230, 240, and 250, producing the 
output content 270. The output content 270 is comprised of other output data 280 and 
20 output video 290. The other output data 280 is further comprised of data elements 281, 
representing data originally supplied to the subsystem by the external source program 
content 210 as other user data 215. Additionally, output 283 represents other user data 
232 supplied to the subsystem via external source of user image content 230. Output 285 
represents other user data 242 supplied to the subsystem via external source of user 
25 image content 240, and in an analogous manner, output 287 represents other user data 252 
supplied to the subsystem via external source of user image content 250. Also output as 
part of other data 280 are data elements 289; the elements 289 being data generated by or 
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processed by the subsystem 200. The figure shows representations of persons 222, 225, 
and 227 being selectively processed by the subsystem 200, producing representations 
292, 295, and 297, respectively. In the illustrated example, representation 222 has been 
replaced by the user specified image 247. Representation 227 has been replaced by the 
5 user specified image 237. In the illustrated example, representation 225 is not modified 
by the subsystem and is output as representation 295. In the illustrated example, the 
user specified image 257 is not used. This figure shows that not all of the external sources 
of user image content are necessarily used simultaneously or continuously. At specific 
times in the operation of the subsystem 200, selected ones of the external source of user 

10 image contents 230, 240, and 250 may be used to produce the outputs 270. 

FIG. 3 is a system block diagram of another alternate embodiment of the present 
invention. FIG. 3 shows a first user image video processing and integration subsystem 
300 and a second user image video processing and integration subsystem 370. The first 
subsystem 300 accepts an external source of program content 310 and a plurality of 

15 external sources of user image content 320, 324, and 328. The external source of program 
content 310 is further comprised of other program data 311 and program video 312. The 
program video has representations of persons 315, 316, and 317. The external source of 
user image content 320 is further comprised of other user data 321 and user image data 
322. User image data 322 is shown to be comprised of a user specified image 323. In an 

20 analogous manner, external sources of user image content 324 and 328 are comprised of 
other user data 325 and 329 and user image data 326 and 330, each said user image data 
further comprised of a user specified image 327 and 331, respectively. Inputs 310, 320, 
324, and 328 are supplied to the subsystem 300 producing output content 330. Output 
content 330 is comprised of other output data 335 and output video 340. The output 

25 video 340 is further comprised of representations of persons 345, 346, and 347. The 
output content 330 is coupled to the second subsystem 370 as an external source of 
program content. Additionally coupled to the second subsystem 370 are a plurality of 
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new external sources of user image content 350, 360 comprised respectively of, and in a 
manner analogous to previous examples, other user data 352, 362 and user image data 354, 
364, comprised of user specified images 357, 367. The output content 330 and the new 
inputs 350 and 360 are all coupled to the subsystem 370 producing output content 380. 
5 The output content 380 is further comprised of other output data 385 and output video 
390. The output video 390 is further comprised of representations of persons 395, 396, 
and 397. As shown in the figure, the processing performed by the first user subsystem 
300 selectively replaces representations 315 and 317 with the user supplied images 327 
and 323, producing respectively representations 345 and 347. Representation 316 is not 

10 modified by the subsystem 300 and is output as representation 346. 

The second subsystem 370 then accepts representations 345, 346, and 347 and 
performs further processing. The further processing in the example illustrated selectively 
replaces the representation 345 with the user specified image 357, producing an output 
"representation 395. The representation 346 is output unmodified as representation 396, 

15 and the representation 347 is output unmodified as representation 397. Elaborating 
further on the representations of output content of other output data 335 and 385, it 
should be noted that data element 336, part of other data output 335, can be and in this 
example is discarded by the second subsystem 370. Additionally, the subsystem 370 
produces or synthesizes or processes additional output data 387, as well as coupling 

20 selected portions of the other user data 352 and 362, respectively, as the outputs 386. 
FIG. 3 shows that the output of a first subsystem 330 may be used as an input to a 
second subsystem 370, wherein any processing performed by first subsystem 300 is 
subsequently and serially additionally processed by second subsystem 370. 

FIG. 4 is a system block diagram of another alternate embodiment of the present 

25 invention. In FIG. 4, user image video processing and integration subsystem 400 has 
coupled to it an external source of program content 405 and a external source of user 
image content 407, and an optional plurality of additional external sources of user image 
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content 408. The subsystem 400 produces output content 410 comprised of other 
output data 415 and output video 420, in this example having representations of people 
425, 426, and 427. The output content 410 is coupled to second level user image video 
processing and integration subsystems 430 and 450. Each of the subsystems 430 and 450 
5 have coupled to them respective external sources of user image content 440 and 460, and 
optional additional plurality of respective external sources of user image content 449 and 
469. The subsystems 430 and 450 produce outputs 470 and 480, respectively. As 
shown in the figure, the output content 470 comprises other output data 472 and output 
video 473, the output video 473 further comprised of the representations 474, 475, and 
0 476. In an analogous manner, output content 480 is comprised of other output data 482 
and output video 483, said output video comprised of representations 484, 485, and 486. 
It should be noted that, in this example, representation 427 passes unmodified through 
both subsystems 430 and 450, producing respectively representations 476 and 486. 
However, representation 486 is only passed unmodified through subsystem 430, 
5 producing representation 475. In the illustrated example of the representation 426 being 
processed by the subsystem 450, the user specified image 467 is used to provide the 
representation 485 in the output content. Further of note is that representation 425 is 
processed by the subsystem 430 using the user specified image 447 producing the 
representation 474. 

10 External source of user image content 440 is further comprised of other user data 

442 and user image data 444, said user image data is further comprised of a user specified 
image 447. In an analogous manner, external source of user image content 460 is further 
comprised of other user data 462 and user image data 464, said user image data further 
comprised of user specified image 467, 

15 In general, of note in FIG. 4 is that each level of user image video processing and 

integration subsystem that operates on program content produces a derivative version of 
that program content, which can then be further processed by additional and serially 
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subsequent user image video processing and integration subsystems. As illustrated in 
FIG. 4, this technique can be extrapolated indefinitely by including subsequent processing 
stages 490, consisting of additional user image video processing and integration 
subsystems 493, each including additional external sources of user image content 495 and 
5 producing output contents 497. Thus, the number of simultaneously created derivative 
works of the original program content 405 is limited only by the number and arrangement 
of processing subsystems and the number and assignment of the external sources of user 
image content to those subsystems. 

FIG. 5 is a system block diagram of a user image video processing and image 

10 integration subsystem. The processing subsystem 500 is comprised of a transform mesh 
subsystem 510, a wrap texture subsystem 520, and a composite and mask subsystem 
530. The transform mesh subsystem is coupled to the wrap texture subsystem via the 
bus 515, the wrap texture subsystem is coupled to the composite and map subsystem via 
the bus 525. The output of the user image video processing and integration subsystem 

15 540 is comprised of the output of the composite and mask subsystem 580 and the output 
of the transform mesh subsystem 590. The inputs to the subsystem 500 are comprised 
of other program data 550 and program video 560. The other program data 550 is further 
comprised of various kinds of information, including position information 552, rotation 
and orientation information 554, mesh geometry information 556, and mask information 

20 558. Other program data 550 is coupled to the transform mesh subsystem 510. 

Additionally, mask information 558 is coupled to the composite and mask subsystem 
530. The program video 560 is also coupled to the composite and mask subsystem 530. 
An external source of user image content 570 is coupled to the wrap texture subsystem 
520. In FIG. 5, the external source of user image content is shown representative of user 

25 image data comprising a texture map. The operation of the system shown in FIG. 5 is to 
use the position, rotation and orientation, and mesh geometry information present in the 
external program content to transform the mesh geometry information in the subsystem 
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510, producing a transformed mesh output on buses 515 and 590. The transformed mesh 
is supplied to the wrap texture subsystem 520, where the texture map 570 is applied to 
the transformed mesh, producing a rendered image output on bus 525. The rendered 
image supplied to the composite and mask subsystem is then composited or combined 

5 with the program content 560 and masked by the mask data 558, producing a video 
output 580. The use of the transform mesh subsystem coupled with the wrapping 
texture subsystem allows the subsystem 500 to recreate the appearance of the user from 
virtually any orientation or position by mapping the texture map onto the transformed 
mesh geometry. The compositing and masking operation replaces a selected portion of 

0 the program video 560 with the rendered image 525. 

The transform mesh operation is a straightforward process documented in 
numerous texts on computer graphics and easily implemented on a general purpose 
computer programmed to do the task. The mesh geometry primary consists of 
coordinates of points which may be used to describe polygons, or triangles, or a wire 

5 frame representation, or patches, based on B-splines or NURBS, all of which can be used 
to describe the 3-dimensional geometry of all or a portion of a user's body or head. Once 
this geometric description is created, the transformation process is very straightforward - 
the system takes the coordinates of the points that define those various entities and 
produces transformed versions that are correctly rotated, positioned, and have 

0 perspective or aspect ratio or field of view operations applied to them. The equations 
and example programs for implementing the transform mesh subsystem's functions on a 
general purpose computer are published in such places as Foley, Van Damm Computer 
Graphics and Applications , also standard computer graphics texts by Hearn or Watt. 
Similarly, once the mesh geometry has been transformed appropriately, the 

15 process of taking a texture map and wrapping that texture map around the transformed 
mesh is a straightforward process that is documented in the same literature. The wrap 
texture subsystem can also easily be implemented on a general purpose computer 
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programmed to do the task. In addition to just about any standard commodity personal 
computer available from the usual vendors (Apple, IBM, etc.), there are also special 
purpose hardware and hardware/software combinations that are sold by vendors to 
accommodate doing the operations of the transform mesh subsystem and the wrap texture 
5 subsystem in a hardware assisted manner to produce a very cost effective and rapid 

result. These devices fall genetically in the category of 3-D accelerators, commonly sold 
for personal computers by vendors such as Apple, Matrox, Diamond, S3, and a multitude 
of others. 

The operations of the composite and mask subsystem are easily performed by a 
0 general purpose computer, insofar as the process necessary to implement the operation is 
documented in the literature, including Keith Jack's Video Demystified sections on luma- 
and chroma- keying. However, the amount of data that has to be processed generally 
implies that this step needs to be performed by a hardware-assisted or special purpose 
circuit. Such circuits are readily available from a variety of vendors, including for 
5 example, the Ultimatte compositing and masking subsystem which is available from 
Ultimatte Corporation. 

The creation of the texture map is not a necessary part of this invention. The 
texture map may be simply supplied to the invention from an external source. Systems 
to assist the generation of the texture map are available from a number of different 
10 vendors that specialize in scanning of three dimensional objects. The scanning process 
can be anywhere from fractions of a second to tens of seconds with most commercial 
systems and the resulting texture maps are generally produced once and then used over 
and over. 

FIG. 6 shows a system block diagram of an alternate embodiment of the user 
>5 image video processing and integration subsystem. In FIG. 6, the subsystem 600 is 
comprised of a transform model subsystem 610, a image selection subsystem 620, a 
morphing subsystem 630, and a composite and masking subsystem 640. A collection of 
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other program data 650 is further comprised of position information 652, rotation and 
orientation information 654, mesh geometry information 656, and masking information 
658. The other program data 650 is supplied to the transform model subsystem 610 
producing outputs 612, 614, and 616. Output 612 is coupled to the image selection 
5 subsystem 620. Database 670 is comprised of a series of individual images 671, 672, 673, 
674, 675, 676, 677. These images are supplied to the image selection subsystem 620. On 
the basis of information supplied to the image selection subsystem 620 via the bus 612, 
one or more of the plurality of images 670 are then supplied via bus 625 to the morph 
subsystem 630. 

10 The morph subsystem 630 uses image data supplied on 625, and transform model 

information supplied on 614 to produce a morphed image on output 632, which is then 
supplied to the composite and mask subsystems 640. The program video 660 is also 
supplied to the composite and mask subsystem 640, and the mask 658 is also supplied to 
the composite mask subsystem. The composite mask subsystem then produces an 

15 output 680 consisting of output video. Additionally, data outputs from the transform 
model subsystem and from the morph subsystem are output respectively on 616 and 
634, producing output bus 690. Outputs 680 and 690 collectively are the output content 
bus 645. In this alternate embodiment, one or more of the selection of images in the 
database 670 is morphed or otherwise blended by the morph subsystem together to 

20 produce an output image 632 representative of what the mesh geometry information 
would look like. This is a less computationally-intensive way of producing the 
appearance of a rendered texture map wrapped around a mesh geometry at the expense of 
having to store a plurality of individual images in the database 670. The selection of best 
images can be performed by a general purpose computer running a very simple algorithm, 

25 such as selecting the best fit image or the two physically adjacent best fit images, and ( 
blending the two images together, or performing a morph operation on them, wherein the 
output image is akin to a linear interpolation between the two input images from the 
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database. The transform model subsystem can be implemented on a general purpose 
computer, using algorithms as previously disclosed as being part of standard computer 
graphics text. Similarly, the morph subsystem is well understood and easily implemented 
on a general purpose computer, using information from the same references. The 
5 composite and mask subsystem 640 is substantially the same as the composite and mask 
subsystem 530 of FIG. 5, and thus produces no new difficulties in operation. Clearly, 
the preferred methodology is to use a texture map and real geometry mesh information as 
illustrated in FIG. 5, because it allows you to render the texture map as visible from any 
particular point. The operation of the system as shown in FIG. 6 is not as preferable, 

1 0 because poor results are obtained unless the number of images available to select from is 
reasonably large. For example, to have images available at increments of every 15° in a 
360° rotation, would probably be about the minimum number of images one would 
require to have any reasonable output quality. As the number of input images increases, 
and the angular separation between input images decreases, one would get 

1 5 correspondingly better results. With sufficient images available in the database 670, the 
morph subsystem would no longer be required. The image selection subsystem would be 
able to pick exactly the correct image and output that data directly into the composite and 
mask subsystem 640 via the optional bus 627. 

In regards to other program data referenced numerous places: The other program 

20 data may consist of information as previously disclosed in FIGS. 5 and 6 such as 

position, rotation, orientation, mesh geometry, or mask. It may consist of a subset of one 
or more of those entities. It may additionally comprise other information, such as 
placement information for a surround sound system, information about local lighting, as 
was used to originally produce the program video content, which would allow correct 

25 lighting of a rendered model; and information about objects that might partially obscure 
the rendered image, such as a costume or other item that must be associated with the 
inserted user image data. 

1684 Draft ApplvS (11/27/00) jig - 1 5 - 



PATENT APPLICATION 

Atty Dkt. No. STD 1684 



FIG. 7 shows a block diagram of a tracking subsystem 700 which accepts a first 
audiovisual presentation comprised of a visual picture image 710 and performs processing 
on that presentation. The processing determines a plurality of types of output 
information, which may include position information 720, rotation orientation 
5 information 730, mesh geometry information 740, mask 750, and other correlation data 
760. The image is analyzed by the tracking subsystem 700 using general information 
known by the tracking subsystem 700 about the visual picture image 710. This general 
information may comprise expected position information, expected timing information, 
and expected presence detection information. 

10 The analysis determines if a selected reference object appears in the visual picture 

image 710. In the example as depicted in FIG. 7, the visual picture image 710 includes a 
reference object face 711 in the depicted example image frame. In the example of FIG. 7, 
the face 711 is detected to be present. The tracking subsystem 700 may compute the 
location of the face 711 within the frame and output that information as position 

15 information 720. 

Once a position has been determined, the tracking subsystem may now compute 
the rotation orientation information associated with the reference object face 711. This 
computation is responsive to knowledge about the reference object. An example of the 
knowledge about the reference object would be knowing that the eyes of the face 711 

20 would be equidistant from the bottom of the frame of the visual picture image 710 if the 
face itself were level. Based on detecting the location of the reference object face 711, the 
tracking subsystem then may determine the location of each eye, compare them against 
the bottom of the frame, and then compute and output the rotation orientation 
information 730. In one embodiment, the rotation orientation information 730 comprises 

25 two-dimensional single-axis rotation information about the position information 720. In 
another embodiment, the rotation orientation information 730 comprises three- 
dimensional rotation information about a plurality of axes. 
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In an embodiment of the present invention, the general information known by the 
tracking subsystem 700 may include reference object mesh geometry information. In a 
preferred embodiment, the reference object mesh geometry information is selectively 
transformed responsive to the position information 720 and the rotation orientation 
5 information 730, producing an output of mesh geometry information 740. 

The reference object mesh geometry information comprises at least one kind of 
data structure. In a preferred embodiment, the mesh geometry data structure describes a 
sampling of points on a surface a reference object. In another preferred embodiment, the 
mesh geometry data structure describes a sampling of points on a surface of a reference 

10 object and their relative connections, thus defining wireframe geometric information about 
the reference object. In a different preferred embodiment, the mesh geometry data 
structure comprises the definitions of a plurality of polygons, each polygon representing 
a portion of a surface of the reference object. In another preferred embodiment, the mesh 
geometry data structure comprises the definitions of a plurality of curves which intersect 

1 5 to form the surface of the reference object. The definitions of these curves may include 
but are not limited to splines, B-splines, NURBS, simple curves, quadratic curves, higher 
order curves, and interpolated curves. One or more of the different kinds of mesh 
geometry data structures disclosed may be included to comprise the reference object mesh 
geometry information. 

20 In a preferred embodiment, the computation to produce the mesh geometry 

information 740 assists the determination of the position information 720 and the rotation 
orientation information 730 in a closed loop fashion. In this embodiment, the result of 
transforming the reference object mesh geometry information is compared against the 
detected reference object, in this example the face 711, to determine if the position 

25 information 720 and the rotation orientation information 730 are consistent with the 
reference object. The computation of the position information 720 and the rotation 
orientation information 730 may be modified by the comparison against the detected 
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reference object, producing new outputs of position information 720, rotation orientation 
information 730, and mesh geometry information 740. In this embodiment, the 
computations are repeated until the tracking subsystem 700 determines that the output 
computed is best representative of the position and rotation of the reference object face 
5 711 in the visual picture image 710. 

The tracking subsystem 700 may compute an mask 750 which represents the 
region of the reference object within the visual picture image 710, in this example the face 
711. The mask may be output as a video output key signal. The mask may be output as 
a image alpha channel. The mask may be output in an encoded form. In a preferred 

10 embodiment, the mask is opaque in the region of the reference object and clear elsewhere. 
In another embodiment, the mask is clear in the region of the reference object and opaque 
elsewhere. In another preferred embodiment, the delineation between the opaque region 
and the clear region of the mask may comprise a band of user-selectable width which 
blends smoothly from opaque to clear over the band's width. 

15 FIG. 8 shows a block diagram of a tracking subsystem 800 which accepts a first 

audiovisual presentation comprised of a time-ordered sequence 810 of visual picture 
images (images) and performs processing on that presentation. The processing 
determines a plurality of types of output information, which may include position 
information 820, rotation orientation information 840, mesh geometry information 850, 

20 mask 860, and other correlation data 870. Each image in the time-ordered sequence 810 is 
analyzed by the tracking subsystem 800 using general information known by the tracking 
subsystem 800 about the images in the time-ordered sequence 810. 

The general information known by the tracking subsystem may comprise expected 
position information, expected timing information, and expected presence detection ' 

25 information for one or more of the visual picture images. In the preferred embodiment, 
the general information is stored within a frame database storage subsystem 820. In this 
embodiment, the general information includes data corresponding to a plurality of the 
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visual picture images in the time-ordered sequence 815. This information may comprise 
entries per scene, entries per frame, and entries per predefined time period. The general 
information may be provided in a pre-recorded fashion. The general information may be 
provided with the first audiovisual presentation. 
5 The analysis determines if a selected reference object appears in each image in the 

time-ordered sequence 810. In the example as depicted in FIG. 8, a selected visual picture 
image 815 of the sequence includes a reference object face 811. The tracking subsystem 
800 may compute the location of the face 811 within the frame 815 and output that 
information as position information 830. 
Q 10 Once a position has been determined, the tracking subsystem may now compute 

SJ the rotation orientation information associated with the reference object face 811. This 



computation is responsive to knowledge about the reference object. An example of the 
knowledge about the reference object would be knowing that the eyes of the face 811 



yQ would be equidistant from the bottom of the frame of the visual picture image 815 if the 



y> 15 face itself were level. Based on detecting the location of the reference object face 811, the 

^ s tracking subsystem then may determine the location of each eye, compare them against 

y the bottom of the frame, and then compute and output the rotation orientation 

P 

p information 840. In one embodiment, the rotation orientation information 840 comprises 

two-dimensional single-axis rotation information about the position information 830. In 
20 another embodiment, the rotation orientation information 840 comprises three- 
dimensional rotation information about a plurality of axes. 

In an embodiment of the present invention, the general information known by the 
tracking subsystem 800 may include reference object mesh geometry information. In a 
preferred embodiment, the reference object mesh geometry information is selectively 
25 transformed responsive to the position information 830 and the rotation orientation 
information 840, producing an output of mesh geometry information 850. 
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In a preferred embodiment, the computation to produce the mesh geometry 
information 850 assists the determination of the position information 830 and the rotation 
orientation information 840 in a closed loop fashion. In this embodiment, the result of 
transforming the reference object mesh geometry information is compared against the 
5 detected reference object, in this example the face 811, to determine if the position 
information 830 and the rotation orientation information 840 are consistent with the 
reference object. The computation of the position information 830 and the rotation 
orientation information 840 may be modified by the comparison against the detected 
reference object, producing new outputs of position information 830, rotation orientation 

10 information 840, and mesh geometry information 850. In this embodiment, the 

computations are repeated until the tracking subsystem 800 determines that the output 
computed is best representative of the position and rotation of the reference object face 
811 in the visual picture image 815. 

The tracking subsystem 800 may compute an mask 860 which represents the 

1 5 region of the reference object within the visual picture image 815, in this example the face 
811. The mask may be output as a video output key signal. The mask may be output as 
a image alpha channel. The mask may be output in an encoded form. In a preferred 
embodiment, the mask is opaque in the region of the reference object and clear elsewhere. 
In another embodiment, the mask is clear in the region of the reference object and opaque 

20 elsewhere. In another preferred embodiment, the delineation between the opaque region 
and the clear region of the mask may comprise a band of user-selectable width which 
blends smoothly from opaque to clear over the band's width. 

** A preferred embodiment of the present invention comprises a source of a first 
audiovisual presentation, a source of user audiovisual information, correlation means, 
25 association means, and compositing means. The first audiovisual presentation may 
comprise an external source of program content 110. The source of user audiovisual 
information may comprise user image content 130. A user image video processing and 
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integration subsystem 600 may comprise the correlation means, association means, and 
compositing means. An image selection subsystem 620 may comprise the correlation 
means and the association means. A compositing and masking subsystem 640 may 
comprise the compositing means of this preferred embodiment. A tracking subsystem 
5 700 may comprise the correlation means. 

The first audiovisual presentation comprises a plurality of forms of information. 
One of the forms of information in the first audiovisual presentation is a visual picture, 
also known as program content video 120. This visual picture may vary over a period of 
time, as in a conventional motion picture (movie) or television program (show), such as 

10 conveyed by a conventional video signal. A visual picture varying over a period of time 
may comprise a time-ordered sequence of a plurality of images, where each image of the 
plurality is associated with a specific absolute or relative time. The visual picture may be 
a live presentation. The visual picture may be a pre-recorded presentation. The visual 
picture may be a static picture that does not vary over a period of time. 

15 In an embodiment where the visual picture comprises a time-ordered sequence of a 

plurality of images, each image of the plurality may be represented in digital form. 
Conventional digital forms for images include raw uncompressed picture elements (pixels) 
and a variety of image encoding and image compression forms. A common image encoding 
form is Red Green Blue (RGB) encoding. Another common image encoding form is Joint 

20 Picture Experts Group (JPEG). An encoding of the plurality of images may comprise a 
first reference image, representing a selected first one of the plurality of images, and one 
or more data structures describing the difference between the selected one and a different 
second selected one image. This difference is sometimes referred to as delta encoding. 
An example of a delta encoding technique is the Motion Picture Experts Group 

25 (MPEG) encoding standard. MPEG encoding periodically selects an image to be encoded 
in a format referred to as an I-frame, and places the encoded image data into a frame store. 
A next image in the time-ordered sequence is then compared against the frame store image 
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and the differences between the frame store image and this next image are determined. 
The frame store is then updated to include the differences and a new next image is 
selected, whereupon the process described above for the next image is repeated with the 
new next image. The differences are generally referred to within the MPEG standard as 
5 P-frames and B-frames. 

The sequence of an I-frame followed by one or more P-frames and B-frames may 
be repeated multiple times, and the resultant plurality of sequences is known as an 
MPEG program stream or an MPEG stream. The differences represented in P-frames and 
B-frames may be encoded in a variety of ways as defined by the MPEG encoding 

10 standard, and typically have a much reduced data storage requirement compared to the 
data associated with an I-frame. In one particular embodiment of an MPEG stream, the 
determining of differences between the frame store image and the next image is sensitive to 
blocks of adjacent pixels as a group appearing at one location in the frame store image and 
appearing at a different location in the next time. To encode this difference, only the 

1 5 designation of the group and the relative displacement from the frame store image to the 
next image need be encoded in the P-frame or B-frame. This particular kind of difference 
is commonly known as an MPEG motion vector, as it describes the relative motion of a 
group of pixels from one picture to the next. An MPEG motion vector is sometimes 
referred to simply as a motion vector. 

20 An MPEG decoder processes an MPEG stream by first decoding the data 

encoded in an I-frame to produce an output image frame in a frame store. After the 
MPEG decoder processes an I-frame, it may then process and decode one or more P- 
frames to modify the data in the frame store, thereby producing an additional output 
image for each P-frame. In this way, a time-ordered sequence of images may be 

25 reconstructed from an MPEG stream. 

A reference object is another form of information comprising the first audiovisual 
presentation. Another form of information comprising the first audiovisual presentation 
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is a reference point. A reference point typically defines a location on a reference object. 
There may be many reference points associated with a reference object. There may be 
multiple reference objects all associated with a same reference point, if those multiple 
reference objects are all touching. Reference objects and reference points may be 
5 contained wholly or in part within other program content data 115 and program content 
video 120. 

The reference object may be conveyed in a manner separate from the visual 
picture but at the same time within the first audiovisual presentation, in a manner 
analogous to a sound track or subtitle information being conveyed along with a 

10 conventional motion picture or television program. In an embodiment where the reference 
object is conveyed in a manner separate from the visual picture, reference object 
information is encoded in data structures that are well suited to automated processing by 
a general purpose computing device, and the other program content data 115 additionally 
comprises the reference object information. 

15 The reference point may be conveyed in a manner separate from the visual picture 

but at the same time within the first audiovisual presentation, in a manner analogous to a 
reference object. In an embodiment where the reference point is conveyed in a manner 
separate from the visual picture, reference point information is encoded in data structures 
well suited to automated processing by a general purpose computing device, and the other 

20 program content data 115 additionally comprises the reference point information. 

The reference object may be embedded within the visual picture. In an 
embodiment where the reference object is embedded within the visual picture, the present 
invention includes means to analyze the visual picture to detect the embedded reference 
object. This may be accomplished by image recognition means. 

25 Known forms of image recognition include image matching, where an image 

provided to the invention is compared and correlated against selected portions of the 
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visual picture. The image is considered detected within the visual picture when the 
comparison and correlation exceed a threshold value. 

Another known form of image recognition includes pattern matching, where a 
pattern having features is predefined and supplied to the invention. The invention 
5 performs processing on the predefined pattern and the visual picture to determine if 

features specified by the pattern appear in the visual picture. If sufficient features of the 
pattern are detected in the visual picture, the pattern is considered detected within the 
visual picture. Pattern recognition software and technology is well-known and 
commercially available. 

10 For example, the "MATE" system from Israel is used to rapidly scan still 

pictures of suspects from a security camera and compare them against a database of 
pictures of known criminals. This system searches the still pictures from the security 
camera for distinctive facial features, using such known image processing techniques as 
edge detection, feature sizing, and feature orientation, and does not require that the still 

15 pictures have absolutely consistent placement, orientation, and size. There are also many 
textbooks and trade journals on this subject. 

In the embodiment of the present invention where a reference object is embedded 
within the visual picture, the program content video 120 additionally comprises reference 
object information. In the embodiment where a reference point is embedded within the 

20 visual picture, the program content video 120 additionally comprises reference point 
information. 

As described above, an MPEG motion vector conveys information about the 
relationship between a first image and a second image in a time-ordered sequence. This 
information can be encoded in a very efficient manner in an MPEG stream. Although the 
25 motion vector technically describes merely the displacement of pixels from the first to the 
second image, within the context of the present invention it can additionally be 
interpreted <as an indication of the distance and direction by which a reference object in the 
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first audiovisual presentation moves within that presentation. In a preferred embodiment, 
the correlation means of the present invention uses the motion vector information in the 
first audiovisual presentation to describe the displacement of identified reference points 
from a first detected location to another location. This first-order object transformation 
5 enables this preferred embodiment of the present invention to estimate the actual position 
of reference points as they may move from frame to frame, using the MPEG motion 
vectors as a guide. The advantage to using motion vector information can mean less 
processing is required by the correlation means to determine the actual position of the 
reference points. 

10 The user audiovisual information comprises a plurality of forms of information. 

One of the forms of information in the user audiovisual information is a replacement 
object image, also known as user image data 135. The user image data 135 may comprise 
a user specified image 137. The user image data 135 may comprise a plurality of user 
images 671, 672, 673, 674, 675, 676, 677. Another form of information in the user 

1 5 audiovisual information is a replacement point. 

A replacement point is another form of information comprising the user 
audiovisual information. A replacement point typically defines a location on a 
replacement object image. There may be many replacement points associated with a 
replacement object image. There may be multiple replacement object images all associated 

20 with a same replacement point, where the replacement point defines a common location 
on each of the replacement object images. Replacement object images and replacement 
points may be contained wholly or in part within other user data 132 and user specified 
image data 137. 

In an embodiment where the replacement object image is conveyed in a manner 
25 separate from the user specified image 137, the replacement object image is encoded in 
data structures that are well suited to automated processing by a general purpose 

4 1 
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computing device, and the other user data 132 additionally comprises the replacement 
object image. 

The replacement point may be conveyed in a manner separate from the user image 
137 but at the same time within the user audiovisual information, in a manner analogous 
5 to a sound track or subtitle information being conveyed along with a conventional motion 
picture or television program. In an embodiment where the replacement point is 
conveyed in a manner separate from the user image 137, replacement point information is 
encoded in data structures that are well suited to automated processing by a general 
purpose computing device, and the other user data 132 additionally comprises the 

10 replacement point information. 

Because a reference object might not be associated with every visual picture in the 
first audiovisual presentation, the present invention must determine if and when a 
reference object is so associated. This determination is generally performed by the 
correlation means. In a preferred embodiment, the correlation means correlates at least 

15 one reference point with at least one replacement point. The correlation uses information 
about the reference object to determine the location of a reference object within the first 
audiovisual presentation. This information about the reference object may be determined 
by detecting the embedded reference object, as described above, via image recognition or 
pattern recognition means. 

20 In an alternate embodiment, the information about the reference object may be 

provided in other program content data 115. The information about the reference object 
may include its position within the visual image, a rotational orientation, color 
information, size information, geometric information such as a wireframe mesh, mask 
information, and other information. The information about the reference object may 

25 further comprise locations of one or more reference points on the reference object. The 
locations of the reference points may be specified with respect to a location in the visual 
image, or with respect to a location on the reference object. 
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Examples of the reference object within the first audiovisual presentation may 
include a special marker inserted in the production of the presentation, a face, a graphic 
feature, and any image of any item that can be distinguished from any other items that 
may be visible in the same visual image of the first audiovisual presentation. The 
5 correlation means distinguishes the reference object from any other objects that may be 
present in the visual image. 

Once the reference object has been identified within a visual picture in the first 
audiovisual presentation, the correlation means can use that detection coupled with 
knowledge about the reference object to detect one or more reference point locations 

10 within the visual picture. The correlation means detects, infers, or otherwise recognizes 
reference points present on reference objects. For example, if the reference object is a 
face, once the correlation means has identified the face within a visual picture, it is a 
straightforward image recognition process to determine the position of the major features 
of the face, such as eyes, nose, and mouth. The positions of each of the major features 

15 thus determined are used to establish the location of reference points. For example, if the 
reference object is a face, the list of useful reference points may include the center of each 
pupil of each eye, the tip of the nose, points selected along the line of the lip at some 
spacing interval, and so forth. Other kinds of reference objects may have other reference 
points, for example, distinctive locations on the surface or interior of a car, the outline of a 

20 chair on a set, and so forth. 

The association means associates a detected reference object with one or more 
replacement object images. This association uses the information provided by the 
correlation means. For example, if the reference object is a face and the reference point 
locations include the center of the pupil of each eye, the association means will associate 

25 the reference object with a replacement object image of another face, and it will associate 
the locations of the center of the pupil of each eye in the reference face with the locations 
of the center of the pupil of each eye in the replacement object image. In a preferred 
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embodiment, this process is responsive to a database with information about each of the 
replacement object images. The database information includes what kind of replacement 
object each replacement object image represents, the parameters of each replacement 
object image, and locations of selected replacement points in each replacement object 
5 image. 

The kinds of replacement object images used by the invention include any kinds of 
images that may be contained within an audiovisual presentation. The parameters of each 
replacement object image may comprise identification of the subject of the image, a 
boundary of the relevant portion of the image, a mask related to the image, the 

1 0 characteristics and location of one or more light sources providing illumination for the 
replacement object image, and so forth. Parameters may include, for example, which 
diphthong or sound a person was making with their mouth when an image of their face 
was recorded. The locations of selected replacement points may include locations within 
the replacement image of the center of each pupil of each eye, the tip of the nose, points 

15 selected along the line of the lip at some spacing interval, and so forth. 

The invention then replaces a portion of the first audiovisual presentation with a 
portion of the associated replacement object image. The portion of the first audiovisual 
presentation selected is determined by the associated reference object. It is not necessary 
to remove the selected portion of the first audiovisual presentation. In a preferred 

20 embodiment, the portion of the associated replacement object image is overlaid on the 
reference object in the first audiovisual presentation. The overlayment will obscure or 
replace a portion of the first audiovisual presentation, and is similar in nature to a video 
post-production effect commonly known as keying. 

Keying comprises selectively overlaying a first video image on top of a second 

25 video image, where in some portions of the video frame portions of the first video image 
are visible, and where in some portions of the video frame portions of the second video 
image are visible. The keying region may be determined by geometry, for example 
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selecting a rectangular window. Keying with a rectangular window is commonly 
performed in television newscasts in the United States, where a news reporter is visible in 
the image, and a rectangular graphic or icon is shown above and to the side of the news 
reporter's shoulder. In this common example, the graphic or icon comprises the first 
5 video image, and the second video image includes the news reporter and the associated 
surroundings. The keying is accomplished by using a video mixer, which selectively 
chooses proportions of signals from the first video image and the second video image, 
responsive to a mask. In this common example, the mask is generated from the 
dimensions of the graphic or icon in the first video image. The mask itself is sometimes 

10 referred to as a key. 

The keying region may be determined by other means. Another common variant 
of keying is called luminance keying. In luminance keying, a video mixer selectively 
chooses proportions of signals from a first video image and a second video image 
responsive to the luminance value at each point in a keying video image. The keying 

1 5 video image may be either one of the first and second images, or it may be an independent 
third image. Sometimes the keying video image is referred to as an alpha channel, alpha 
mask, or alpha key. 

Another common variant of keying is called chrominance keying. In chrominance 
keying, a video mixer selectively chooses signals from a first video image and a second 

20 video image responsive to the chrominance value at each point in a keying video image. 

The keying video image may be either one of the first and second images, or it may be an 
independent third image. Chrominance keying is sometimes referred to as blue-screen 
keying, blue-screen compositing, or simply blue-screen, because early implementations of 
chrominance keying could only distinguish the presence or absence of a brilliant saturated 

25 blue color in the keying video image. Modern chrominance keying is much more tolerant 
of the level of saturation and brightness required. Modern chrominance keying has also 
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been implemented using saturated colors other than blue, with green and blue-green hues 
being the most commonly used. 

A common example of chrominance keying in operation is a weather report as in 
television newscasts in the United States, where a weather reporter is shown gesturing at 

5 a map appearing in the background of the image. In practice, the weather reporter is 

usually performing in front of a flat, featureless colored backing, typically of a selected 
deeply saturated bright color, in view of a camera. The production staff usually expends 
great effort to ensure the color of the screen is substantially different from any color that 
may appear on the weather reporter's person or clothing. The signal from the camera is 

0 supplied both as the first video image and the keying video image. A video signal 

representing a weather map is supplied as the second video image. The video mixer, 
responsive to detecting the deeply saturated color, will select proportionally more of the 
second video image. The video mixer, responsive to not detecting the deeply saturated 
color, will select proportionally more of the first video image. The output of the video 

5 mixer is a video signal where the weather reporter appears as if performing in front of a 
weather map. Various refinements exist for correcting second-order effects, such as color 
spill, flare, and reflections from the colored backing. Chrominance keying technology is 
commercially available, such as from Ultimatte, and are well described in the literature. 
In a preferred embodiment of the present invention, the compositing means 

,0 generates a key or mask from information known about the replacement object image. 
The information known about the replacement object image may include its boundary, 
regions or holes in its interior, and information about its transparency. The key selects 
which portions of the replacement object image appear on top of, and obscure, portions 
of the first audiovisual presentation. The output of the compositing means comprises an 

:5 integrated display audiovisual presentation, or an integrated audiovisual presentation. 

In preferred embodiments of the present invention, the replacement object images 
comprise a* series of images, for example as shown in FIG. 6, 671, 672, 673, 674, 675, 
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676, and 677, representing the replacement object in a variety of poses, orientations, 
lighting, and sizes. Other kinds of replacement object image series include each of a 
number of facial expressions or body language, images of a face saying different vowel and 
consonant sounds, and so forth. The present invention selects among the available 
5 replacement object images for the best image to use in the compositing means. 

In a preferred embodiment of the present invention, the compositing means 
additionally transforms one or more of the replacement object images associated with a 
reference object. The transformation is responsive to information from the correlation 
means. The replacement object image may have any conventional image transformation 
10 applied to it to modify the replacement object image to better integrate into the final 
output. 

Conventional image transformations as implemented in general purpose computing 
platforms are documented in computer graphics literature, and include mapping, 
stretching, shrinking, rotating, scaling, zooming, curling, shearing, distorting, and 

1 5 morphing. The compositing means selects from the available image transformations and 
applies them selectively to obtain the best results. For example, if the correlation means 
determines that a replacement object representing a face is detected at some angle A, then 
the compositing means may apply a rotation of the same angle A to the replacement 
object image before combining or overlaying the replacement object image onto the first 

20 audiovisual presentation. 

A shrinking transform uniformly reduces the size of a replacement object image. 
A zooming transform uniformly enlarges the size of a replacement object image. A 
stretching transform may simultaneously shrink and enlarge the size of a replacement 
image, where the shrinking and enlarging are by necessity at different directions. A scaling 

25 transform may selectively shrink or enlarge the size of a replacement image. A rotation 
transform may be a two dimensional rotation of the replacement image about a point, or a 
three dimensional rotation of the replacement image about a plurality of axes defined in 
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three dimensions. A shearing transform selectively skews portions of a replacement 
object image along a selected direction. A curling transform creates the appearance of 
curling a two dimensional surface on which the replacement object image resides in three 
dimensions. A mapping transform is any regular relationship that can be expressed 
5 between a replacement object image and the result of the mapping. A morphing transform 
is any irregular relationship that can be expressed between a replacement object image and 
the result of the morphing. Not all of these image transformation terms are mutually 
exclusive. For example, a mapping transform is a degenerate case of morphing, and a 
shrinking transform is a degenerate case of scaling. 

10 Morphing is described in detail in pp. 224-230, Digital Image Warping, George 

Wolberg, 1990, Computer Society Press, ISBN 0-8186-8944-7. Morphing is a graphical 
image transformation algorithm that operates on two arrays of coordinates, also known as 
locations, or points. The first array of coordinates represents points on a first visual 
image. The second array of coordinates represents points on a second visual image. 

1 5 There is a required exact one to one relationship between the first array of coordinates and 
the second array of coordinates. The algorithm of morphing computes a local distortion 
of the first visual image so that each one of the coordinates in the first array is distorted 
and moved to align with the corresponding one coordinate in the second array, thereby 
producing the second visual image. 

20 In contrast to morphing, the correlation, recognition, and association of reference 

objects containing reference points with replacement points on replacement object images 
of the present invention is less restrictive and more general. The present invention 
distinguishes above the known process of morphing in that there need not be an exact one 
to one correspondence between each and every one of the reference points and each and 

25 every one of the replacement points. 

In a preferred embodiment, the user audiovisual information additionally 
comprises user object geometric information. The user object geometric information may 
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describe any of the shape, size, orientation, surface characteristics, and other attributes of 
the replacement objects from which the replacement object images are derived. For 
example, the user geometric information may describe the geometry of a person's head in 
any of several positions, corresponding to replacement object images of the same head as 



information may describe the geometry of a person's head in a single position, and also 
comprise rotational and positional information based on that single position for each of a 
plurality of replacement object images. 

In another preferred embodiment, the user object geometric information is 

0 geometrically transformed responsive to the recognition of a reference object. The 
recognition determines the position, rotation, scaling and sizing, clipping, local 
deformation, and other transform parameters to be applied to the user object geometric 
information. This embodiment produces an output of geometrically transformed user 
object geometric information. This information may, for example, be representative of the 

5 geometry of a user object such as a person's head, transformed by scaling, rotation and 

positioning so as to be properly scaled, rotated and positioned to line up with a reference 
object in the first audiovisual presentation. As the correlation means continues to 
recognize the reference object, the scaling, rotation, and positioning parameters are 
continually or periodically updated, resulting in updated transformed user object 

0 geometric information. 

In another embodiment, the user audiovisual information comprises user object 
geometric information, and a user object replacement image that is representative of a 
pixel texture of the surface of a user object. In this embodiment, the pixel texture is visual 
image data that corresponds to viewing the object from all orientations. This pixel texture 

\5 is commonly referred to as a texture map, a texture map image, or a texture. The pixel 
texture is comprised of pixels that represent the color of a user object, each at a specific 
and distinct location on the user object. 



5 



viewed in each of those positions respectively. Alternatively, the user geometric 
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User object geometric information and a pixel texture permit the reconstruction of a view 
of a user object from any viewing position relative to that user object by sampling those 
pixels in the pixel texture that correspond to specific and distinct locations that are on a 
direct line of sight from the viewing position to the user object. The determination of 
5 direct line of sight is made by computing the position of the surface of the object relative 
to the viewing position. The computation of positions on the surface is based on the data 
comprising the user object geometric information. 

The reconstruction of a view of a user object from any viewing position relative to 
that user object by sampling those pixels in the pixel texture that correspond to specific 

10 and distinct locations that are on a direct line of sight from the viewing position to the 
user object is one variant of an known family of computer graphics operations called 
texture mapping. In texture mapping, the pixels comprising a visual image surface are 
mathematically mapped onto a second surface. The mapping is general, in that it may 
comprise a many to one mapping and a one to many mapping. The resultant appearance 

1 5 can be very much like the effect of stretching an image printed on a flexible, extensible 
sheet around another object, for example a pre-printed logo on an originally flattened 
rubber balloon. The texture map represents the logo as it is printed on the flattened 
balloon, and as the balloon is inflated the texture map continually deforms and stretches 
to conform to the shape of the balloon surface. There is a mathematical relationship 

20 between the a point in the logo on the originally flattened balloon, and the same point on 
the logo on the inflated balloon. The mathematical relationship is a mapping, and in this 
balloon example it varies somewhat from point to point on the surface of the balloon. In 
an analogous fashion, the user replacement object image is a texture map, and the user 
object geometric information is analogous to the inflated balloon geometry. Of course, the 

25 user object geometric information is generally more complex that the simple convex 
geometry of an inflated rubber balloon. 
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In a preferred embodiment, the user audiovisual information comprises user object 
geometric information and a pixel texture, and the user object geometric information is 
geometrically transformed responsive to the recognition of a reference object. The pixel 
texture (or texture map), in combination with the transformed user object geometric 
5 information, permits the reconstruction of the appearance of the user object in the same 
placement and orientation as the detected reference object. 

Note that in this preferred embodiment, the appearance of the user object may be 
reconstructed even though the system of the present invention may not have an actual 
replacement object image of the user object in that particular detected placement and 

10 orientation of the reference object. The present invention may select from the available 
replacement object images, combining them as necessary using the user object geometric 
information, to produce an output of a new user replacement object image synthesized 
from the components of the existing available replacement object images. 

In another preferred embodiments of the present invention, the replacement object 

1 5 images comprise a series of images representing views of a replacement object in a time- 
ordered sequence. In this embodiment, once the present invention selects among the 
available replacement object images for the best image to use in the compositing means, 
subsequent images in the time ordered sequence may be selected automatically as a result 
of the best image selection. In this embodiment, the processing load required is unchanged 

20 for the selection of the best image, but can be considerably reduced for subsequent images 
in the time-ordered sequence. For example, if the present invention determines that a 
reference object is a person's face and that person is winking, a selection of a time-ordered 
series of replacement object images comprising a corresponding wink may be selected. 
Each replacement object image in the time-ordered sequence may then be used in sequence 

25 with significantly lower processing overhead required once the initial association of 
winking reference face and winking replacement object image sequence is made. 
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In an analogous preferred embodiment of the present invention, the replacement 
object images comprise a series of images representing masks of a replacement object in a 
time-ordered sequence. In this embodiment, once the present invention selects among the 
available replacement object images for the best mask to use in the compositing means, 
5 subsequent masks in the time ordered sequence may be selected automatically as a result 
of the best mask selection. In this embodiment, the processing load required is unchanged 
for the selection of the best image, but can be considerably reduced for subsequent images 
in the time-ordered sequence. For example, if the present invention determines that a 
reference object with an irregular surface and outline is rotating, a selection of a time- 
10 ordered series of replacement object images comprising a corresponding sequence of pre- 
computed masks may be selected. Each replacement object image mask in the time- 
ordered sequence may then be used in sequence with significantly lower processing 
overhead required. 

Examples of known point data structures that are well suited to processing by a 
15 general purpose computing device include but are not limited to Cartesian coordinates and 
polar coordinates. Each of these point data structures has two dimensional, three 
dimensional, and higher order forms. Each coordinate is a number that may be 
represented in any of integer, fixed decimal, and floating decimal formats, with the 
precision of each coordinate determined by the requirements of any particular application 
20 of the present invention. The numbers are commonly associated with each other via a 
common data structure. The point data structures may be implemented with 
conventional arrays, linked lists, multiply-linked lists, heaps, and other data structures 
well known in the relevant field. 

Examples of known object data structures that are well suited to processing by a 
25 general purpose computing device include, but are not limited to, points with connecting 
lines, wire frame representation, polygons, patches, surfaces of revolution, bounding 
boxes and bounding spheres, and so forth. These data structures may be implemented 
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with conventional arrays, linked lists, multiply-linked lists, heaps, and other data 
structures well known in the relevant field. 

FIG. 9A represents an example region of interest 920 within a frame of visual 
image data 910. The region of interest is identified in this example by a rectangular dashed 
5 outline. In a preferred embodiment of the present invention, the first audiovisual 
presentation includes information about a region of interest. The region of interest 
information describes a region in a visual image frame of the first audiovisual presentation, 
and therefore also defines the area outside of and excluded by the region of interest within 
the visual image frame. In this preferred embodiment, the region of interest information is 

10 used to direct the correlation means to attempt to recognize reference objects only within 
the region of interest, and not to waste processing cycles on visual image data outside the 
indicated region of interest. In a preferred embodiment, the region of interest varies from 
frame to frame in a time-ordered sequence. The varying may be regular or irregular. 
FIG. 9B represents a database of user replacement images and user geometric 

1 5 information as in a preferred embodiment of the present invention. The database 

comprises a plurality of user replacement object images 931, 932, 933, 934, 935, and 936. 
The database further comprises a plurality of user geometric information data structures 
941, 942, 943, 944, 945, and 946. Each of the plurality of user replacement object images 
is associated with a respective user geometric information data structure. In this preferred 

20 embodiment, the compositing means may select from the user replacement object images 
based on determining the best match between a detected reference object position and 
orientation, and selected ones of the user geometric information data structures in the 
database. 

In another preferred embodiment, user geometric information data structures may 
25 comprise any ones of position information, rotation orientation information, mesh 
geometry information, masks, and other replacement data. 
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FIG. 9C is a representation of an example reference object as in a preferred 
embodiment of the present invention. In the depicted example, the reference object is a 
face 950 that has associated with it a plurality of reference points 951, 952, 953, 954, 
955, and 956. Reference point 951 indicates the location of a hairline on face 950. 
5 Reference point 952 indicates the location of an eye on face 950. Reference point 953 
indicates the location of another eye on face 950. Reference point 954 indicates the 
location of a nose on face 950. Reference point 955 indicates the location of a corner of a 
mouth on face 950. Reference point 956 indicates the location of a chin on face 950. In a 
preferred embodiment, a selection of these reference points 951, 952, 953, 954, 955, and 

10 956 are recognized and associated with a selection of user replacement object points. 

FIG. 10 is a representation of an example frame difference as in another preferred 
embodiment of the present invention. A first frame 1010 is representative of a frame of 
visual image data in the first audiovisual presentation at a first time. A second frame 1050 
is representative of a frame of visual image data in the first audiovisual presentation at a 

1 5 second time. Frames 1010 and 1050 comprise visual image data of the same two 

individuals at different points in a time-ordered sequence of visual images. As shown in 
first frame 1010, the left person is in a position as indicated by 1020 and the right person 
is in a position as indicated by 1030. As shown in second frame 1050, the left person is 
in a position as indicated by 1060 and the right person is in a position as indicated by 

20 1070. In this example, the position of the right person 1030, 1070 within each frame of 
the time-ordered sequence is constant for these two frames 1010, 1050. Also in this 
example, the position of the left person 1020 changes slightly rightward to position 1070, 
as referenced to the two frames 1010, 1050. A frame differencing means of this preferred 
embodiment of the present invention processes the frames 1010 and 1050 to produce a 

25 region 1080 that describes the area of the visual image frame in which a difference between 
the two frames 1010, 1050 exists. In this preferred embodiment, the difference is used to 
determine which areas of the first audiovisual presentation may require further correlation 
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and association. In this preferred embodiment, portions of the first audiovisual 
presentation that are unchanged from frame 1010 to frame 1050 need not be further 
processed, 

FIG. 1 1 is a detailed block diagram of a preferred embodiment of the system of the 
5 present invention comprising a compositing means within a three dimensional (3D) 
graphics engine. The system 1105 comprises a frame buffer 1120, an MPEG encoder 
1180, a three dimensional (3D) graphics engine and blender 1190, a general purpose 
computer 1110 comprising a central processing unit (CPU) 1130, a memory subsystem 
1150, and a storage subsystem 1140. A first audiovisual presentation is provided to the 

10 system 1105 as a video input signal 1115. Video input signal 1115 is provided in parallel 
to frame buffer 1120, MPEG encoder 1180, and 3D engine 1190. Software running on the 
CPU 1130 performing a correlation function operates on data from the frame buffer 1120 
to correlate and recognize reference objects in the first audiovisual presentation. In a 
preferred embodiment, the software is located in memory subsystem 1150, and may 

15 reference additional data in the storage subsystem 1140 and the memory subsystem 1150. 
The results of the correlation and recognition may be stored in either or both of the 
storage subsystem 1140 and the memory subsystem 1150. 

The MPEG encoder 1180 produces an encoded representation of the video input 
signal 1115. In a preferred embodiment, the encoded representation comprises MPEG 

20 motion vectors, and the CPU 1130 processes motion vector information to assist in the 
tasks of correlation, recognition, and association. The CPU 1130 then associates a user 
replacement object image with the recognized reference object. The data for the user 
replacement object image may reside in either or both of the storage subsystem 1140 or 
the memory subsystem 1150. 

25 The user replacement object data, which may comprise any or all of texture map 

data, user replacement object image data, and user geometry data, is relayed from the CPU 
1130 to the,3D graphics engine 1190. In a preferred embodiment, the 3D graphics engine 
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1190 transforms the user geometry data producing transformed user geometric 
information, maps the texture map data onto the transformed user geometric information 
producing a replacement user object image. The 3D graphics engine 1190 then combines 
and blends the replacement user object image into the first audiovisual presentation, 
5 producing a final composited output 1199. 

FIG. 12 is a detailed block diagram of a preferred embodiment of the system of the 
present invention comprising a compositing means within a frame buffer. The system 
comprises a frame buffer 1220, an MPEG encoder 1280, a three dimensional (3D) 
graphics engine 1290, a general purpose computer 1210 comprising a central processing 

10 unit (CPU) 1230, a memory subsystem 1250, and a storage subsystem 1240. A first 
audiovisual presentation is provided to the system as a video input signal 1215. Video 
input signal 1215 is provided in parallel to frame buffer and blender 1220, MPEG encoder 
1280, and 3D engine 1290. Software running on the CPU 1230 performing a correlation 
function operates on data from the frame buffer and blender 1220 to correlate and 

1 5 recognize reference objects in the first audiovisual presentation. In a preferred 

embodiment, the software is located in memory subsystem 1250, and may reference 
additional data in the storage subsystem 1240 and the memory subsystem 1250. The 
results of the correlation and recognition may be stored in either or both of the storage 
subsystem 1240 and the memory subsystem 1250. 

20 The MPEG encoder 1280 produces an encoded representation of the video input 

signal 1215. In a preferred embodiment, the encoded representation comprises MPEG 
motion vectors, and the CPU 1230 processes motion vector information to assist in the 
tasks of correlation, recognition, and association. The CPU 1230 then associates a user 
replacement object image with the recognized reference object. The data for the user 

25 replacement object image may reside in either or both of the storage subsystem 1240 or 
the memory subsystem 1250. 
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The user replacement object data, which may comprise any or all of texture map 
data, user replacement object image data, and user geometry data, is relayed from the CPU 
1230 to the 3D graphics engine 1290. In a preferred embodiment, the 3D graphics engine 
1290 transforms the user geometry data producing transformed user geometric 
5 information, maps the texture map data onto the transformed user geometric information 
producing a replacement user object image. The 3D graphics engine 1290 then relays the 
replacement user object image to the frame buffer and blender 1220, which combines and 
blends the replacement user object image into the first audiovisual presentation, producing 
a final composited output 1199. 

10 FIG. 13 is a detailed block diagram of a preferred embodiment of the system of the 

present invention implemented with a general purpose computer performing the 
compositing. The system comprises a frame buffer 1320, an MPEG encoder 1380, and a 
general purpose computer 1310. The system accepts a video input signal 1315 
representative of the first audiovisual presentation and supplies that video input signal 

15 1315 to frame buffer 1320 and MPEG encoder 1380. 

The general purpose computer 1310 comprises an extract wireframe means, a 
wireframe model database, an orientation identification means, a mapping means, and a 
compositing means. The wireframe model database comprises user geometric object 
information. An output of wireframe model data is supplied to the extract wireframe 

20 means. An output of the orientation identification means is supplied to the extract 

wireframe means. The extract wireframe means transforms the wireframe model data, 
responsive to information from at least one of the frame buffer 1320 and the MPEG 
encoder 1380, and supplied transformed wireframe model data 1351 to the mapping 
means. In a preferred embodiment, the functions of the extract wireframe means, the 

25 orientation identification means, the mapping means, and the compositing means may be 
performed by software executing on the general purpose computer 1310. 
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The mapping means maps user replacement object images onto the transformed 
wireframe model data 1351 producing a texture mapped output replacement object image 
1341. The replacement object image 1341 is provided from the mapping means to the 
compositing means. The compositing means combines the replacement object image 1341 
5 with data from the frame buffer 1320 producing final composited output 1399. The final 
composited output 1399 is representative of the first audiovisual presentation with 
selected portions being replaced by user object image content. In a preferred embodiment, 
the final composited output 1399 is provided as an input signal to display unit 1360, 
where it may be displayed as a display presentation 1344. 

1 0 There are a number of different kinds of other user image data that may be 

included or input to the system, including but not limited to images of a user's face from 
different orientations, a full face texture map, a full head texture map, pictures of different 
parts of the user's body or their whole body, information about their eye color, skin 
color, hair texture and color, their preferred language, their age, their gender, their height, 

15 their weight, preferred style of attire, their name, music preferences. There may be 
multiple copies or instances of some of this data stored, for example, there may be a 
texture map for each of a plurality of facial expressions; there may be motion video 
stored, showing how the face moves and transitions from one particular expression to 
another expression, there may be voice samples, phonemes or allophones, phrases, key 

20 words; there may be an accurate 3-D map of the geography of the user's face or body. 

Information may include their birth date or favorite colors, or favorite foods, or favorite 
actors, city of their birth, and so on. 

Non-image information is relevant because it is not necessarily only the user's 
image or the image of the user's face that might be inserted. Some of this other 

25 information might be used to generate other kinds of output. For example, the user's eye 
color might be used to similarly tint the eyes of an alien in a science-fiction show. 
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Alternatively, the user's name might appear on the jersey of a player in some sort of 
organized sport. 

An audio-visual presentation might have a number of predefined choices, wherein 
a particular course of action might be dependent on some of the user's preferences that 
5 are recorded in other user data. For example, in a restaurant, some main actor might 

choose to order one particular kind of food or another based on the user's preferences. So 
these are all types of data that might be incorporated into a smart card, or in general, 
supplied to the system as other user image data. 

Some applications or places where the system might be used include, but are not 
10 limited to movies; video games; commercials; TV shows; kiosks; interactive information 
Jf? centers; safety trainers; training systems designed to show people skills; music 



85 i 



W instruction or other physical tutoring like sports or gymnastics; an information center 

w 

fU such as directions within a building or a theme park; showing the user represented within 

ysj a house or realty-type application; showing a walk-through of the user or client in an 

2 1 5 example of a building proposal; music videos; mystery games; fitness videos where the 

M 

H user's image could be incorporated; comic strips or books; CD-ROM games or games 

RJ 

: Ci conveyed via the Internet or the web. 

p Within a movie, the system should permit having an individual appear on screen 

along side famous actors. Users can either appear as a supporting character or a main 

20 character. In the case of actually watching a movie in a movie theater with a plurality of 
other audience members, it might be- more believable to have selected audience members 
who wish to participate in this manner simply appear in the background somewhere as 
virtual extras, but the system doesn't have to be limited to that application or mode of 
operation. In a home environment, it might be preferable to actually become the main 

25 character or have certain attributes of oneself imposed upon the main character. 

In a video game, it would be desirable to allow the user to see their own image on 
the screen, Kicking or driving, or doing whatever the video game character does. 
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For commercials, an embodiment in a set-top box used such that a user's own 
image or attribute is incorporated into the commercial would make the advertising much 
more compelling than a commercial that didn't have their image in it. 

TV shows are similar to movies, in that there might be supporting characters, or 
5 unique to TV, recurring characters on the show, that might have a user's image 
corresponding to an individual user. 

In any kind of interactive information center, such as giving directions or trainers 
of any kind, the invention allows a user to see themselves participating in whatever 
activity it is. For example, an information center which tells you that in order to get to 
10 the bus you have to walk three blocks this way and then two blocks that way, could 
actually show the user an image of themselves in the environment that they will be 
walking through. 

Similarly, a skill trainer could be implemented using this invention showing 
somebody how to participate in some sort of sports or gymnastics. For example, a user's 

15 image may be superimposed on someone performing a tennis serve, showing the user how 
to properly move different portions of their body in order to complete the serve. 
Another trainer might demonstrate the user drawing an arrow for archery, or perhaps 
other kinds of sports skills training. 

Almost any task that requires physical activity is something that could be 

20 simulated on the computer with the user's image. The present invention has particular 
merit for safety training, because you can show the user in fact doing something the 
wrong way and simulate an injury, and then show them the right way; the visual 
experience can be a much more compelling argument than simply saying "don't put your 
finger in the rotating fan". 

25 Personal music videos are another application area. There are many kiosks sold 

right now to allow users to record their own lyrics or record their own voices as lead or 
backup singers to popular music songs. This invention permits the user to include 
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themselves into a video incorporating their image and particularly, being able to visually 
see themselves performing some of the dances and moves that are present in the video and 
see their likeness doing it without actually having to possess the physical acuity to be 
able to make those moves or dance steps. A user's image can also be substituted into a 
5 music video during Karaoki. 

Doctors might find use in producing fitness videos or other kind of training 
information, where the user's image is actually inserted to show them carrying out the 
exercise properly. It might also tend to make exercise videos more interesting for the user 
to be able to see their own facial image on the screen, on top of a well-proportioned and 

10 toned body. Patients recovering from injuries might use a video of recuperation exercises 
more readily if their own image appeared in it. 

Some of the more seemingly esoteric bits of information that might be recorded as 
part of the additional user data, things like height and weight, could be used by the system 
to make a selection of which of a plurality of potential extras in a movie might be replaced 

15 by the user. If the user is of particularly tall stature or short stature, it would look rather 
odd if they were inserted respectively in place of a short or tall extra character. 
Information about their musical preferences might tailor the audio presentation of a movie 
or television show or some sort of instruction to select one of the available audio choices. 
If you have the user's city of birth, you might decide in a movie or other entertainment to 

20 have one of the main characters reference a particular city. There could simply be a 

library of different cities that the character might say, and if it happens to be one that the 
user is familiar or associated with, the system might pick that particular city when 
doesn't compromise the plot at hand. 

Additional user information can be stored on a smart card that the user can carry 

25 with them and use in different locations. For example, the same smart card might be 
usable in a commercial movie theater, or at home using a set-top box, or an information 
kiosk. In this case, the smart card becomes a personal agent, a personality or personal 
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projection, some sort of personal preferences portfolio. The card effectively becomes the 
user's clone, or cyber-clone, their cyber-personality. 

The process of actually capturing all this user data and putting it on the smart card 
can be done in one place or can be done in multiple places, in one session or in multiple 
5 sessions. Some of the data entry may be done using a conventional PC, an interactive 
process with a set-top box, or similar functionality integrated into a television or some 
other entertainment system at home. It's also possible that there may be special purpose 
kiosks specifically set up to sell, dispense, and update smart cards of this manner. A 
logical place to put them would be any place that you have any kind of a shopping center 
p 10 or mall, or a movie theater-kind of complex. The process of collecting individual pictures 
Jfj of somebody's face or body is fairly straightforward - they would have to be in a 



controlled environment as far as lighting or other background distractions. A digital 
jM= camera would be used to take a number of pictures, either simultaneously and with a 

.f| plurality of cameras, or over a series of time by actually moving one or more cameras, or 

* ^ 15 by having the person move with respect to one or more fixed cameras. 

If Instead of storing the user data on smart cards, it could be stored on servers. The 

fii 

\j servers need not be local to the user. User data could be stored and retrieved via the 

~{ Internet. The image data could be stored in a clearing house or service bureau expressly 

serving this invention. In the case of movie distribution, users that pay to have their 
20 images stored on central servers might preferentially appear more often as extras in 

movies or other mass media, than folks that actually walked into the place with a smart 
card. Alternatively, users with user data on central servers could be picked at random to 
star as a particular extra if nobody with a smart card actually put one into the system, 
thereby keeping the movie experience fresh for repeat viewers and creating a new market 
25 for people who are watching to see if somebody they know happens to show up in an 
extra position. 
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If the user's name or any other personal information about the user (e.g., their high 
school) is available, and if there is visible a building in the background of a particular 
scene, labelled by default "Bob's Industry", it might changed to say "Jane's Industry" 
when Jane is watching the movie; alternatively, an on-screen visual of a high school 
5 pennant may be replaced by a pennant from Jane's high school. 

Similarly, a user's birth date within the user data might end up being used within 
the context of a movie to reference some past event that was significant to the plot. For 
example, according to the "Back To The Future" trilogy, the date that time travel was 
invented was November 1, 1955, but for purposes of the plot, virtually any date in 1955 
10 would have worked as well. The system could replace the visuals of the date in the movie 
to coincide with a date more significant to the user. 

If sufficient voice samples, phonemes or allophones are available, the user could 
have a speaking part in a movie or other presentation. In the case of information or 
training booth, user speech would be straight forward. Within the context of a mass- 
1 5 market movie at a public performance, this embodiment might require cooperation of the 
Screen Actors Guild. 

Additionally, the information that's stored on a smart card or on a server, either at 
a user's home or elsewhere, may have tags associated with it. Some data may be tagged as 
private, or not for export. Data that could be used, for example, while the user is at home, 
20 comprising of more personalized images or private information like their birth date and 
birth city, might be suppressed and not available to the system for use on the basis of 
privacy in a public performance in a movie theater otherwise configured to use the 
information. 

Additional user data may comprise a complete 3-D map of a user's own 
25 geometry, including the configuration of their limbs and sizes and proportions, allowing 
the user to be synthetically inserted into different scenes as an extra without having to do 
anything special to the movie if there is no user data to supply. 
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Another general thought about lighting. In the process of actually capturing the 
texture maps of a user's head or face, or the individual pictures that are stored, there 
might be a plurality of sets of these maps or pictures generated for different lighting 
conditions that would allow better results if somebody has to be lit from one side or 
5 another, or from below or above, in order to be believable inserted into a scene. 

Simultaneous monochromatic light sources from different angles might allow these 
multiple maps to be captured simultaneously, and with such perfect registration in the 
maps, the system could blend a plurality of intensity images together to construct lighting 
models not originally captured. 

10 For very simple implementations, it might be easiest to restrict the allowable 

geometry used to insert a given person into a film. For example, if you know for sure that 
you're going to take a user's image and insert them somewhere as an extra (e.g., where 
somebody just happens to be standing in the background), if that person is only ever seen 
head on, then the only thing that the system needs is a head on image of the user's face 

15 that is scaled by the system appropriately and composited into place in the film. That 
saves a significant amount of computation, because the image processing degenerates to a 
simple scaling operation, and that's something that could be done very easily and at low 
cost as a way to bootstrap the process of actually implementing the system. 

If the data sets for a given actor including the shape of their body and parts of 

20 their voice, and how they react to things, and how their expressions all work become 

sufficiently recorded, and the system becomes sufficiently advanced, you may actually 
have digital clones of actors being able to perform in new audiovisual productions. 

From the foregoing, it will be observed that numerous variations and modifications 
may be effected without departing from the spirit and scope of the invention. It is to be 

25 understood that no limitation with respect to the specific apparatus illustrated herein is 
intended or should be inferred. It is, of course, intended to cover by the appended claims 
all such modifications as fall within the scope of the claims. 
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